Trichophyton rubrum is one of the most common fungi causer of dermatophytosis, mycosis that affect humans and animals around the world. Researches aiming new products with antifungal activity become necessary to overcome difficulties on treatment of these infections. Accordingly, this study aimed to investigate the antifungal activity of essential oil from Cymbopogon winterianus against the dermatophyte T.
INTRODUCTION
Dermatophytes are a fungi group with capacity to invade keratinized tissues (skin, hair and nails) of humans and other animals producing dermatophytosis. The incidence of this infection has increased over recent years, particularly in immunocompromissed patients and it is considered the most common and widespread infectious disease worldwide (39, 41) .
Trichophyton rubrum is a worldwide pathogen causing various superficial infections, accounting for at least 60 % of dermatophytosis, such as tinea capitis, tinea corporis, tinea inguinalis, tinea manuum, tinea unguium and tinea pedis (15) .
Researchers from South and North America and Europe mention this microorganism as one of the most commonly isolated in cases of dermatophytosis in these regions and with recognized local resistance to therapy (25, 30, 31, 40) . In Brazil, it also remains the most frequently isolated (7, 20) .
Dermatophytosis treatment has been cause of great concern among researchers around the world. This fact is justified by increasing prevalence of these diseases in the world, extensive use of antifungal agents and consequent emergence of fungal strains resistant to the main drugs commonly used in clinical therapy (24) . For overcome this problem, the development of new antifungal products is necessary. In this situation, interest in plants with antifungal properties has increased as a consequence of current problems associated with the antifungal therapy. Since antiquity, medicinal plants have been used to treat common infectious diseases and the essential oils of these plants have been widely used in the treatment of infectious pathologies in many body parts including skin (23, 29) .
Cymbopogon winterianus Jowitt ex Bor (Poaceae) popularly known as "citronella" or "java citronella", is a perennial herb which cultivated in India and Brazil. This medicinal plant is used by population as repellent, antimycotic and acaricide activities (26) .
This study was carried out aiming to investigate the antifungal activity of the essential oil of C. winterianus from Bananeiras city in Paraiba state-Brazil, analyzing its effects on growth and morphology of some T. rubrum strains known as one of the most important species causing dermatophytosis.
MATERIAL AND METHODS

Plant material
Leaves of C. winterianus were collected from the 
Essential oil
Fresh leaves of C. winterianus were cut into pieces and subjected to water-distillation using a Clevenger apparatus. The essential oil obtained (density = 0.8790 g/mL) was kept in amber bottle flask and maintained at temperature lower than 4°C. The oil emulsion used in antifungal essays were obtained according to following procedure: 34 µL of essential oil, 10 µL of tween 80 and q.s.f. 3 mL of sterile distilled water were added in a sterile tube and shaken for 3 minutes using a vortex instrument, thus obtaining a stock emulsion with 10000 µg/mL final concentration. Seriate dilutions were performed in proportion of two in order to obtain emulsions from 5000 -5 µg/mL.
Test fungal strains
Dermatophytes used in antifungal essays were obtained 
Antifungal activity screening
Solid medium diffusion method using filter paper discs was used for antifungal activity screening as preliminary test for evaluating potential activity of the essential oil (1, 18) .
Sterile Sabouraud dextrose agar (SDA) (Difco ® ) was prepared and distributed uniformly into sterile petri plates, where 1 mL of the fungal suspension was previously inoculated.
Afterwards, filter paper discs (diameter 6 mm) were soaked with 20 µl of essential oil and placed on the surface of the inoculated agar. Plates have been incubated at 28°C for 8 days.
At the end of the incubation period, fungal growth inhibition zone diameter was measured and expressed in millimeters. It was considered positive that antifungal activity when the geometric mean values of growth inhibition zone in two independent essays were equal or higher than 10 mm diameter (19, 38) .
Determination of minimum inhibitory concentration (MIC)
The MIC values were determined for the fungi strains which were sensitive to the essential oil in solid medium diffusion assay. Broth microdilution bioassay was used to determine the MIC of C. winterianus essential oil (22, 32) . . In both cases, the highest concentration (5000 µg/mL) was added into the first wells and the lowest concentration (5 µg/mL) was added into the penultimate wells.
Sensitivity control of the essayed strains to the tween 80 without essential oil was carried out by microdilution. A 100 µL of 5% tween 80 in broth was added into wells and 10 µL of fungal suspensions were inoculated into each respective well.
Also, a sterility control was performed to verify whether the broth used in antifungal essay was contaminated before test procedures. For this, 100 µL of broth was dispensed into a well, without both essential oil and inoculum.
All plates were aseptically sealed followed by mixing on plate shaker (300 rpm) for 30 seconds, incubated at 28°C being read after 5 days incubation. The MIC values were determined by visual inspection of the growth inhibition of each well compared with that of the control (without drugs) well. MIC was defined as the lowest essential oil concentration able to inhibit 100 % the fungal growth. The test was performed in duplicate and the geometric mean values were calculated.
MIC 50 values were interpreted as the MIC which 50 % of the Pereira, F.O. et al.
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isolates were inhibited and MIC 90 is the MIC at which 90 % of the isolates were inhibited (34) .
Determination of the minimum fungicide concentration (MFC)
MFC was determined the microdilution method to verify if the inhibition was reversible or permanent (12, 28 
Effects on mycelial growth
Analysis of the interference of the essential oil of C.
winterianus on mycelial growth was performed by determining the dry mycelial weight of T. rubrum ATCC 1683 (28, 35) . For determination of the oil effects on the dry weight, flasks containing 2500, 625, 312 and 156 µg/mL of essential oil in SDB medium were inoculated with suspension of test T. rubrum strains. In the correspondent control, the same amount of essential oil was replaced by distilled water. The system was incubated at 28°C for 15 days. From the sixth day of incubation, micelia dry weight was determined every 3 days.
Flasks containing mycelia were filtered through Whatman filter no. 1 (particle retention: 11 µm) and then washed with distilled water. The mycelia were dried at 60°C for 6 h and then at 40°C over night. The filter paper containing dry mycelia from two independent essays were weighed and the mean values obtained. Percent growth inhibition based on the dry weight, at each time of analysis, was calculated as:
[(control weight -sample weight) x 100] / Control weight.
Microscopic study of fungal morphology
The evaluation on the micromorphological alterations caused by the essential oil of C. winterianus in T. rubrum 
Macroscopic study of fungal morphology
The evaluation on the macromorphological alterations caused by the essential oil of C. winterianus was performed by macroscopic examination of cultures of T. rubrum ATCC 1683 in duplicate. Petri dishes were initially prepared with 15 mL of medium SDA added of 78, 156 and 312 µg/mL the essential oil and the whole system was homogenized. After solidification of the culture medium, fungi were inoculated onto each agar surface. Control essay without essential oil was tested in the same way. After assembling the dishes, the whole system was incubated at 28 °C for 10 days. Afterwards, analysis were finally performed based on the visual observation of colonies of control and test experiments characterizing them by appearance, texture and surface color, in addition to aspects of colonies' color reverse (1, 9) .
Statistical analysis
Statistical analysis for the study of the effects of essential 
RESULTS AND DISCUSSION
Results of antifungal activity of C. winterianus essential oil on T. rubrum strains are shown in 
